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SUMMARY

Theinfraredspectraarepresentedfor47 dicyclichydrocarbons
consistingof somealkyldiphenylmethanes,alkyldicyclohexytiethanes,
alkylnaphthalenes,alkyltetralins,1,3-diphenyl-2-a~lpropanesand
1,3-dicyclohexyl-2-alkylpropanes.Thephysicalpropertiesofthese
highlypurifiedcompoundsareincludedforreferencepurposes.

INTRODUCTION

Inthecourseofa studyontbeeffectof structureonthephysical
propertiesofdicycl.ichydrocarbons,a groupof47hydrocarbonswas
synthesizedandpurifiedattheWA Lewislaboratory.Thisgroupin-
cludedtwelvealkyldiphenyJmethanes,thirteenalkyldicyclohexylmethanes,
sevenalkylnaphthalenes,ninealkyltetralins,threel,3-diphenyl-2-
alkylpropanes,andthree1,3-dicyclohexyl-2-alkylpropanes.Theprepa-
ration,purification,andpropertiesofmostofthesehydrocarbonsare
reportedinreferences1 to 6. Theremainingcompoundsarereported
ina paperSooritobe submittedforpublicationintheJournalofthe
AmericanChemicalSociety.

Becauseoftheincreasinguseof infraredspectrainanalysisand
identification,itwasdeemeddesirableto compiletheinfraredspectra
ofthese47hydrocarbonswhichwereavailableina highstateofpurity.
Theinfraredspectraof59 dicyclichydrocarbonswerepreviouslypub-
lishedatthislaboratory(ref.7).

MfwEmALs

Thepropertiesofthea~ldiphenylmethanesarelistedin
Thehydrogenationproductsoftheseallqyldiphenyl.methanes,the

tableI.
alkyldi-

cyclohexylmethanes,wereseparatedby high-efficiencyfractionationinto
two geometricisomersandaredesignatedinta%leIIasthelow-and
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high-boilingisomers.The
intable111. ThePartial

NACATN 3154

propertiesofthealkylnaphthalenesarelisted
hydrogenationof-thesenaphthalenesyielded

the1-and5-alkyl-substitutedtetralin~,butonlythe5-isomerscould
be purified.Thel-substitutedisomerswerepreparedi@ependently
(ref.5). Thepropertiesofbothdkyl$etralinisomersareyresented
intableIVandthepropertiesofthe1,3-tiphenyl-and l,3-dicyclohexyl-
2-alkylpropanesarelistedintableV. ‘-

Theproceduresusedin evaluatingtheseproperties,togetherwith
theaccuracyandprecisionofeachmethod,arereportedinreference8.
Thepuritiesof allofthecompoundswhbse_rneltingpointsarerecorded
toO.O1°C havebeencalculatedaccord@ to themethodofGlasgow,
Streiff,andRossini(ref.9)tobe greaterthan99molepercent.It
isnotpossibleto estimatethepurityofthe othercompounds.However,
fromthemethodsofpurificationemployedandtheanalysisofthefrac-
tionationdata,itisbelievedthatptitieeoftheorderofmagnitude
of99molepercenthavebeenobtained.

Eachsamplewasfreshlydistilledandpassedthroughsilicagel
justpriorto-thedeterminationofthe‘infr-&ed

APPARATUSAND?ROCEOURE

Theinfraredspectrashowninfigqres1 to

—
spectra:

6 wereobtainedwitha
double-beamrecordiugspectrophotometer.“Iheprecisionoftheinstru-
mentisspecifiedby themanufacturertobe Q percentofthetrans-
missionvalueand@.02 micronsforthewavelength(ref.10). Ina
O.1-millimeter-thickcell,sampleswerergnbothundilutedand,over
somewavelengthintervals,atapproximately1:10dilutionona volume
basis.Thepuresolventwasusedinthe=eferencebeamtonullifythe
effectofanyabsorptionduetothesolvent.

LewisFli&@PropulsionLaboratory
Nati.&alAd;isoryCommitteeforAeronautics

Cleveland,

Lamneck,JohnH.,

&io, April29,1954
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TK8LE I - PROPERTIESOF ALKYGO~ HYDIWARWNS

Hydrocarbon WItlng Bofling
point, point at

% 760 mm,

---L-L-
2-MAhyldiphe~lmethane 6.61
3-MethyULlphenylmethane -27.83C
4-MethyMiphenylmethane 4.58
2-Ethyldiphenylmethane -1-1.15
3-Ethyldiphenylntethane -9.22
4--EthyHlfpheny3methane-- 4.s2%

260.50
279,24
281.96
290.86
291.54
.2!37.03.

4-Propyld.iphe~lmethme ‘‘I-22. 44 311.12
4-Isopr~ld.iphenylmethane-13.36 S05.60
2-Butyldiphenylmethane -16.56 315.18
4-Butyldlphenylmethane -34.98 326.4J
2-S-Butyldiphenylmethane -27.52 305.63
4~-But yldiphenylmethane-20.86 ZL8.59

aA.S.T.M.prOCe&e: ‘-T-

nlk of
refrac-
tion,
~:o

1.5763
1.5712
1.5692
1.5701
1.5634
L..5m .,

1.5X6’””
1.5554
1.5536
1.5492
1.5545
1.5500

‘Supercooledliquid.

‘A secondmdlffcation waa found to melt at -40.62°.

lemity
it200 c
g/nil

1.03198
.99136
.98739
.99213
.97976
.97773

0.9@Y18
.96634
.96677
.95696
.96926
.95907

8.90 c
210° F

1.16
1.07
1.01
1.23
1.13
1.~8 ,

1.29
1.25
1.50
1.43
1.56
l.u

mtist

00 c
140° I

2,08
1.76
1.61
2.21
1.85
.&.75.,

2.18
2.08
“2.83
2.43
3.10
2.53

-.
w

7.8° C 0° c
100° F)(32° F

3.26 10.d
2.58 6.8
2.30 %5.62
3.43 11.20
2.71 6.97
,2.49 6.01. .._..,,....

3.27. .?.01,
3.IJ. 8.46
4.78 20.17
3.68 10.48
5.53 30.91
3.95 12.79

[et
Ieat
)fCout.
)Us-
;ion,
Lcal/
nole

1735
1750
1745
1880
1875
1875,..... .,

ma5
204s
2170
2175
2170
2165

922 s’,’
I ,,
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TABLE 11- PROPERTIESOF AIXYTi031XCZO~ SXOR~AFC30NS

llydroc~bon

2-Methy16icyclohexylmethaneb
2-Methyldlcyclohexylmethanec
S-Wthyl&icyclohexylmethaneb
3-Methy13.icyclohexylmethanec
4-Methyldlcyclohexylmethaneb
4-Methyldicyclohqlmethanec
2-Ethyldicyclohexylmethaneb

2-Ethyldicyclohexylmethanec
3-Ethyl&Lcyclohexylmethanec
4-Ethyl&Lcyclohexylmethaneb
4-EthyMUcyclohe@.methanec
4-Impropyldlcyclohexylmethaneb
4-Iaopropyldicyclohexylmethanec

aAOS.T.M.procetie: D445-MT “

btiw-bof.lingisomer.
cHigh-boiliugIroner.

Mat io@
point,

Oc

-28.06
-32.5d
-38.4d
Glass
-25.53
-28.49
Glass

-31.2d
GlaEs
-24.93
Ghsa
Glass
Glass

)Oiling
)ointat
’60nun>

‘c

264,61
26’7.94
263.25
264,32
265.07
266.S4
260.9’4

282.35
281.35
285.91
286.15
300.22
301.81

IMex Oi
‘efrac-
;ion,

n~o

1.4760
1.4799
1,4727
1.4756
1.4710
1.4760
1.4796

1.4813
1.4746
1.4731
1.47’-Il
1.4780
1.4752

dEquSLlbrimnportionof meltlngcurvewas very short.

enaity
t 200 c,
g/ml

1.87458
.88495
.86713
.87571
.86410
.87603
.S8143

1.88660
.87046
.86749
.8’7774
.87839
.87082

3236 ‘ ‘

KinematicVi.scosttyaj i
centistokes

B.9°,C
210°F

1.42
1.68
1.38
1,53
1.43
1.62
1.63

1.70
1.61
1.67
1.79
2,1B
2.04

90c
140°F

2.55
3.20
2.49
2.84
2.60
3.02
3.10

3.30
3.09
3.18
3.40
4.47
4.17

7.8°C 0° c
LOOOF;(32°F’

3.99 1301.1
5.36 21.39
3.99 I-3.99
4.63 17.00
4.16 14.11
4.96 18.07
5.25 23.72

5.68 25.93
5,20 “21,53
5.28 20.25
5.67 21.51
8.04 40.05
7.47 37.98

[et
Lestof
!OQibus-
,fon,
:cal/
nle

1975
1985
1885
1990
20CQ
1990
2150

2135
2135
2150
2135
2280
2275

I .-.
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Hydrocarbon

L-ldethylnaphlluil.ene

l-Ethylnaphth&Lene

L-l?ropylnaphthalene

i-iaopro~y2.&&halei(

L-Butylnaphthalene

L-Isobutylnaphthal.ene

L-Amylnaphthalene

TABLE HI - PmImTIm OFMmwmmmm mDRccARBoi’w

!felting

?oint ,

‘c

-30.50

-13.88

-8.60

-15.66

-19.76

-9.37’

-24.54

aAms.T.M. Procedure: DM.5-46F.L.

)Oiling
)ointat
’60mm,

‘c

244.42

258.67

27’2.78

267.79
,,
289.34

279.54

305.15

.

[na?.xOj
:efrac -
;ion,

4°

1.6174

1.6062

1.5923

195952

1.5819

1.5794

1.5726

enmty
t 200 c
g/ml

.02015

.00816

.98970

.99565

.97673

.97144

.96609

DA second modificationwaa found to melt at -22.14”.

. .

Kineustic Viscositya,
centistokes

18.9°C
2100 1?

0.92

.99

1.U

“1Xl.

1.28

1.32

1.48

00 ~

1400 F

1.51

1.68

2.00

2.03
I

2.37

2.55

2.86

,

7.8°G 0° c
l~” F)(32°F

I
2.21 5.99

2.57 7.83

3.20 3..I.48

3.20” U.88

3.95 15.06

4.42 23.53

4.96 22.74

Vet
Ieatof
mmbua -
kion,
ccal/
nole

1345

1475

1630

Xxlo

‘1775

1770

1920

99?s.,
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IABrJI Iv. - PROPERTIES OF ALRYLTE?IRKGINHYDROCARBONS

Hydroc=bon Melti~
point,

‘c

I-hiethyltetralin G1.%36

5-Methyltetralin -23.05

l-Ethyltetralin GI.ESEI

5-lSthyltetraliti -44.55

l-BFtyltetralin Glaas

5-ButyltetraUn -49b

l-IaobutyltetralLn.Glaas

5-Isobutylt,etralSn-14.75

l-Au@tetraMn Glass

3oiMng
pointat
760mm,

‘c

220.54

234.20

259.46

249.02

273.03

279.91

266.31

27’O.41

289.49

[ndexof
?efrac-
;ion,

n$”

1.5353

1.540

1.5318

1.5398

1.5218

1.5280

1.5198

1.5269

1.5170

lenaity
k 200C
g/ml

~.95825

.97106

.95285

.96286

.93418

.94093

.930&3

.93776

.92705

Kinematic viscosity,

18.90c
:210°F

0.88

.93

.93

.99

1.22

1.31

1.14

1.34

1.39

centis.

0° c
1400F

1.42

1.52

1.54

1.62

2.20

2.40

2.01

2.57

2.59

ke$

7.8°C
103°F

2.05

2.22

2.25

2.40

3.48

3.93

3.18

4.43

4.30

DC
32°F

5.08

5.81

6.18

6.37

.2.54

.4.95

1.37

;1.80

:6.91

Tet
lest of
:Ollit)us-
;ion,
ccal./
de

1425

1425

1570

1570

1860

1860

1850

1860

2010

aA.S.T.M.procedure:W-46T.
bCryOtallizationunsatisfactory.

4
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TAEmv. - FROX7JWJ19OR1,3-D~-2-KW12ROP AH&MD 1,3-DUXKLOEXXYL-2-AIIXUWPMtEHiDR0CAKK)R3

1,3.Mpbeuyl-2-mthyl.propme
1,3-Diphenyl-2-ethyl~ne

1,3-Mphenyl.2-Propylpropaue

1,3-DicyclOhexyl-2-methy@mpane

l?3-ti&i0h&yb2A.hyipro”*

11,3-W~hexyl-2-pmpylprqwe

%Ith dlat decomposition.
bA.S-T.M.prOCe6ure: ~-46’1’0

Melting
point,

‘c,

-33.7=

Gled?.a

cuss

0.57
~a~.

Qla6s

BcKLiug
points at
760 m,

%

W3 .0

314.6

m5.2

295.2
,=.= .,

,31.6.1

Iklex or
refrac-
tion,

mm
1.5519

1.54s1

1.5424

1.4756

1.4773 ‘

,,1.4764,,

Densigy
at 20 c

I@.

0.96694

.96437

.95352

,s7151
‘-’;874W
.8n91,

Kluematicvlscosity,b
centid

T

18.9’3 c two c
210° F) (140° ‘f

Z1.e 5.44

30.S 6.44

70.8 7.43

55.s 7.12

72.1- -9..42

(d) 12.,&3

23

~.so [

I.CooI

5.03

5.40

3.75

4.02

4+0

5,82

,0 ~

7J~0 ~:

1.51

1.62

l.n
1.99
2.20

2.44

Jethat
If coiQhus-
~mb W/l
mole

2045

2190

,2345

230Q

2445-..

2390

cEquilibriumportion of melting curve ma very dimt.
%%lue obtainedis omittedbecause it was at vari.aucewith the other valuesfien ulottedon A.S.T.M. BfkNl&rd vlscOsitY-

tmperatore c-t, D34Lehart E.

r
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cc-2. . 3236 ,

100

M

80

40

02

0
.

i
(.)R-Mtmdlrasrwlaumlm.

:
9 1,10Ml. 1,10 ml. lIM m.

1

Wavelength,❑iarons

(b) 3-Hethyldlphemy~thane.

Figure1. - Mramd speotiafor ellq’ldlphenylmethante.Cellwidth,O.1 millimeter;i$anpleundilutedor dilutedae Indicated.
CD



(c).Metlqldlra9w-.

I18vmleng’ch,miormu

(a) 2-Ethyldiphenylmmthane.

Fi@re 1. - Cmmirmmd. Llrrared Epeatm far ●cgldi@mnylmmthauea. Cellwidth,0.1MIlli!netirjm@mpleUrdlilutedcc?diluiwdan Ind.ioated.

. * * ,
I i. ‘9%3!2 ● r
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. . (i-i?“back. . 3236 . ,

1810dcl. 1,10ml. l,lna.

i (.) 3-mhm.@icinu71$a-

1,10ml. 1,1,0ccl. 1,10a,

Wavelength,miorona
(f)4-?XhyldlphanylI’bsthane.

Flgum 1. - C.mthued. Wared apeot,ra for allwldiphenylethamm.Cellwidth, 0.1 rdllimmterJammpleundilutedor dilutedan Iodianmd. p
P



-e 1. - CmtImad.

1,
. D

1:

Wavelength, U1OIYM9

(h) 4-ImPmPYldiphmYlmsthanm.

Infrared SPOCtl?a far BMvldlPhwl@3hLVIOS . (Ml width, O.1 ndlllaetar; mumpleundilutedw dllutadsd indicated.

.
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. . , . 3236
d

lllacm. 1,10on, 1,10cm

Wavelength, ❑iorcmn

($) ~-MtYIMPhewUfIethtie.

Figure 1. - Ccmtinuad.InfraredspeotraforalkYldiphanYlmathaneB.Cell width, 0.1 Mlllwterj .mmple Undilubed cm diluted an indioated,



1,10ml. 1,10ccl. l,m m“

Wavelength, miorcrm

(1) 4-us@+utyldiphenJlMth8ne .

Fip 1. - Ccnalllded. IIU-TUM OQOOtm for alkyld.i#-Lm@me-s . Cell width, 0.1 millimeter; maqm hilnted M. dilutw aS lwoatid.

. .
I ,,
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SSZ!.2, ,
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6 (a)X-n*mYldloral*lmmmm (Ml.).z

Wavelength, TOlOPeiM

(b) 2-MetWltioyoltieWlmetine(H.B.).

%WB 2. - tifrarad Bpeotra for alkyldiaycltie~~~ea .
Cell width,0.1 ❑illimeter;Bample undiluted or dilutm an in~o.gted.



i (.)S-netbm.uml-Mth- (La.).

i’
k

a s, 4 a 8 7 8 9 10 11 12 M 14 M 16

Wawlal@h, Mlnrc+m

(a) 3-methyldicyml.alel’ylwtFmle(E.B.).

Flwe 2. - Cmltiluefl. ~ Vw$w f= alkTlolo701hx5-lmtW’IM . Cell tidih, O.1 filimeter; nmr@e urulllutedm diluted an Moated.

,,.
● ✎ 3s2!2 , ,

,, .;I. I 1. .,
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‘e 3 4 s 8 7 8 0 10 11 le M 14 18 u

Wav81en@h,miorona

(f)4-Hethyldioyoloheaylmethane(H.B.).

Fi&’ura2.- Cent.im.nd.mfiuti apeotraforalkyld.ioyolohexylmathanes.Cellwidth,0.1mlllizeter;aempleundilutedw dilutedu Imlioatml. P
--l

I



Wavelength, mlcrona

(h) Mthyldjoyolch@xyIIMthanc (H.B.).

F-e 2.- Cmtinuad. Infa’=d~0* f= sllvldiayuloheaylwttin. Callwidth,0.1tilktcr; mmplm undiluted w diluted M ticated.

, ,
,,,

s a

!,i:l ,,, 9$2.s
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1,10cm. 1,10ccl.

CC-3 bzick 323i 4

(1)S-xtmldlay.l*lmmtmlIa (Ma.).

1,10ml. 1,10ml.

-e a 4 B 8 7 a 0 10 u M u 14 18 le

Wavelength, mioronrn

(J) ~HhWlloyol~e~Metku (L.B.).

Y@ure Q. - Continued.IrUr8red mpeotia for allwldloyolohery lmebhanen.

.

Cell width, 0.1 mlllimatir; Bample undiluted or dllutod an lndioatcd. ~



.
i

(k) &EGwldlOyulct.sX’cbanm [M.).

I

WaTelOngth, mimcms

(Z)4-DOpr*YldiCYCIGbat- (L.B.).

F@urc 2. - CCmtimu8d. Infrarmd mpeotra far Ukyldioycloherylmthmua. Cell width, 0.1 millimet.srisample undiluted or diluted an iIIdlo4ted.

* .
I ,, 9’22s * ‘
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1,10Om 1Z1Oml,

..

3236 4 r

-e 3 d B 8 7 a m 10 U 12 1s 14 16 16

Was’@length,❑icronn
(M)4-DqrOpyldiOyOl*emlmOtiuO (H,B.).

mhuw 2.- Cadukd. ~ared 8peotra rm? ti@Mloyclohqlmthane6. 0011 width, 0.1 mllllrnt~) Bnmple undllutid or diluted aB indioated.



N
i-u

i-
%

[d Lnmtwlludl-.

Wavelength, mlorona

!ia
(b) l-Ethylnaphthalene.

Fiv 3.
E

- Infl%aredapeo~a for alkylnaphthalenes.Cell width, 0.1 Inl.11-ter;sampleundiluted or dilutedas indicated. ~

● ✎
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9%3’s , ,
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3236 ‘ ‘

i (.)1-Fmvw-.@bkl0ne .

Wavelength,miorona

(d) l-tiopropylnaphthalena.

Fi@re 3. - Ccmtlnued. Inrr.wed npectrar.= allwlnaphthalenea. Cell width, 0.1 mlllimetar; ,wmple undiluted or diluted an indioatad.
N
cd
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(.)l-mwlivmthlcrm.
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(r) l-180butylr@hthalenm.

Figure 3. - Continued. IMr8r0d apaotia far alkylnaphtbalenrn. Cell width, 0,1 mlll~tar; sample UnULlutad or dllutad u Itioated. ?
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Wavelength,imrona

(s)1- Amyl.naphthalena.

Flguras. - Crncludad. Infraredapecwa for allqlnaphthalenea.Cellwidth,0.1millimeter;e.mpleundllumd or dilutedu indioated,
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FIsure 4. - Infraredspectrafor allqltetralina.
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Wavelength,microns

(b) 5-Methyltetralln.
~

Cell width, 0.1 udlllroeter
Ld

; sampleundilutedor dilutedaa indioated.
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(.) l-ztw-in.

1,10 Om. 1,10 COl. 1,1o 0.%

Wavelength,miorono

(d)5-Ethyltetralin.

Figure4. . Continued.Infraredapaotraforalkylt.stralim.Cellwidth,0.1 millim.stir;sampleundilutedor dilutedas indioated.
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[f)E-EaltyltElta.alin,

Bi@ra 4. - Cmtinued. ~md npatm-arw alkyltetralins.Cellwidth,O.1 mlllinmter;sampleUruMlutador dllut.edm Indlcatad.
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wavelength,mioronn

(h)5-Iaotatyltetralln.

Fi~ 4. - c~t~ed. Ir&arad BPaotrafor alkyltetralina. Cell width, 0.1 millimeter; sample tiluted or diluted as indioated. ~
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(1)l-kqltetralin.

Figure4. - Ccmmluded.marmd apeotrafw al.!qltiballna.Cellwidth,0.1 millimeter;se.qleundilutedor dilutedaflIndloated.

* 4 3!ZZ!2 * ,
1,



● ✌

3236 ‘ ‘

Havelangth,mloi-ona

(b)1,3-EUphanyl-Q-ethylPOPme.

Figure5. - IrUr.mrOdapeotrafor 1,3-diPheIWl-2-~kY@Op8tIeB.Cellwidth,0.1 milllwk.rj mmple undiluted or diluted as indicated. ~
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Wavelength, micmns

(0) 1,3.mpbeuyl-2.prOpyl ~e.

FiSI.IM5. - CmnlUded. --d 6P00&IJ f@ 1,3-diPIIwl-=alkYIPI’oPw . Cell width, 0.1 millhmster; amw@c undllutcd cm dllut.adau indioatml.
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Wavelength, microns

(b) 1,S-Dic.yolohexyl-2--ethylprope,ne.

FIEWW 6. - Infrared speotra for 1,3-d!oyolohexyl-2-a.Uylpropanes. Cell width, O.1 mllllmeter;eample undilutad.



Uavelangth,miorana

(a) l,% Dicyaltiezyl-2-prOpylprOpane.

FIwI% 6. - Cmoluded. InfraredEpeotrafor l,?kJlcyalrhe~l-2-al.kylpropanes. Cellwidth,0.1
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